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Natural communities of ruminants are in dynamic equilibrium with their environment due to their adaptations and abundant regulatory mechanisms (predators, diseases, climatic influences). However, in an impaired environment, where certain forage sources were reduced or completely disappeared, exhaustion of attractive compounds of food supply can occur and food competition between individual species of herbivores may develop. Subsequently, these species suffer from qualitative and sometimes also quantitative lack of nutrients (e.g. Hanley 1982) .
Individual ruminant species gradually adapted to usage of different compounds of food supply, and forage selectivity is considered to be the key to their adaptability to different environmental conditions (Hofmann 1989) . According to the differences in size and structure of their forestomachs and their ability to utilise fibre, the ruminants can be divided into three feeding types (Hofmann 1973 (Hofmann , 1989 ): 1. Browsers (concentrate selectors -CS) are focused on the best parts of food dicotyledonous plants, woody species) and have a small stomach with fast passage rate of digesta. 2. Grazers (grass and roughage eaters -GR) are able to utilise food rich in fibre (grasses) and have great stomach capacity.
Intermediate feeders (IM).
In natural environment, the food specialisation of individual species enables the optimal usage of all food sources and at the same time restricts the interspecific competition relations. When species that had not undergone the long-term community development are introduced into a new environment, they disturb the balanced relations and often compete with the autochthonous species. Development of food competition is then more probable between species with the same diet composition and the similar body size. The aim of this work was to estimate similarities in food specialisation of red, fallow and roe deer and moufflon on the basis of the size of their stomachs and to evaluate probability of their interspecific competition for food sources.
Taking into account Hofmann's work (1989), we tested the hypothesis that the stomachs of red and fallow deer bear the highest similarity (both IM), while the greatest differences exist between stomachs of roe deer (CS) and moufflon (GR).
Materials and Methods
The data on digestive tract of red, fallow and roe deer and moufflon were collected from 1995 to 1998 in three localities in Moravia (mountains 800-1000 m ASL around Staré Mûsto pod SnûÏníkem and submontane landscape 250 -350 m ASL around ·umperk and Brno), the Czech Republic. Localities are described in Kamler (1999) .
Stomachs of 58 red deer Cervus elaphus (CE), 28 fallow deer Dama dama (DD), 65 roe deer Capreolus capreolus (CC) and 25 moufflons Ovis musimon (OM) (176 animals in total) were examined. Determination of categories and numbers of animals in the categories are in Kamler (1999) .
The size of total stomach (forestomachs and abomasum) of all species was characterised by its volume and weight of its walls. To prevent autolysis and to reduce wall dilatation after removal of the total stomach from the abdominal cavity, 10% formalin was applied through its walls. In case of emergency the content of rumen was then completely filled with water injected through the wall so that it was not unnaturally enlarged. To estimate its whole volume, the total stomach was immersed into water and then the displaced volume was measured. Subsequently, the abomasum and the individual parts of forestomachs were separated, the openings closed with clips and the volumes of the individual parts were determined as described above. After removing the contents, the weights of the walls of rumen, reticulum, omasum and abomasum were assessed by weighing with accuracy of 1 g.
The samples were divided into groups by species, Table 1 Mean values of capacity (dm 3 ) and weight (kg) of total stomachs of red (CE), fallow (DD) and roe (CC) deer and moufflon (OM) during vegetation (Veg.) and winter period (Win.), difference (%) and significance of differences (p) between vegetation and winter sex, season, age category and locality of origin for the purpose of evaluation. For these groups the mean values and standard deviations were calculated and subsequently they were tested for true significance of differences using the parametric t-test for samples with standard distribution (Kolmogorov-Smirnov test), otherwise by the nonparametric Mann-Whitney U test.
Results
First, the differences between groups of animals of different ages, sexes and from different seasons and altitudes were tested. In all of the studied species the values of total stomach size were higher in vegetation period than in winter season (p < 0.05) ( Table 1 ). The greatest differences were found in the total stomach volume and volume of rumen (15 -20% on average). Differences in the volume and weight of reticulum, omasum and abomasum were smaller or not significant (Table 1) . Values of volume and weight of the forestomachs and abomasum were expressed to 1 kg of the total weight of the animal (relative values) ( Table 2 ).
The influence of sex on the relative size of the total stomach appeared only in roe deer. In vegetation period the female sex had higher values of both relative capacity (by 40%) and weight (by 55%) of the total stomach (p < 0.005). In winter season the differences were not tested. In red deer the differences between sexes were significant neither in the vegetation nor in the winter period (p > 0.05). In fallow deer and moufflon the differences between sexes were not tested due to small size of samples.
The influence of age on the relative size of the total stomach was proved in CC and CE. The older animals of both species had higher relative values of the total stomach and rumen volume and weight (by 16 -25%) in both winter and vegetation periods per cent (p < 0.05). Age had no influence on the relative size of reticulum, omasum and abomasum (p > 0.05). In DD and OM the differences between age categories were not tested due to material deficiency. The relative size of total stomach and its part was not influenced by altitude. The values of volume and weight of the total stomachs of CC in both vegetation and winter period were the same in samples from mountain locations and from lower located areas (p > 0.05).
Differences between species
Due to the fact that the influences of both sex and age on the relative total stomach size were not significant, the interspecific differences in total stomach size were tested only between winter and vegetation period. The compared groups had even representation of both sexes and age categories of game. Out of the assessed volumes and weights of the total stomach and the separated rumen, reticulum, omasum and abomasum of the studied species, the most significant differences were found in relative volume and weight of the total stomach and rumen. The relatively smallest total stomach volume had CC (p < 0.05) and the greatest had OM (p < 0.05) in both vegetation and winter periods. The difference between CE and DD was not significant (p > 0.05). Relative weight of the total stomach walls was the smallest in CE, DD and CC and the differences between these species were not significant (p > 0.05); significantly higher total stomach weight had OM (p < 0.05).
The same share of volume of individual parts in the total stomach volume was found in CE, DD and OM in both vegetation and winter periods. Only CC, in comparison with the other species, had relatively smaller volume of rumen (by 9 %) and, on the contrary, larger reticulum (by 20 -30%) (p < 0.05).
Share of weight of individual parts (walls) in the total stomach weight did not vary significantly among all of the four studied species (p > 0.05).
Discussion
Our results confirm the expected differences in relative size of forestomachs and abomasum of the four studied free-living ruminant species. Characteristics of total stomach found in these species correspond with their classification into morphophysiological feeding Hofmann (1989) . Differences in total stomach size between vegetation and winter period were found in all of the studied species (p < 0.05). They are caused by seasonal changes of food supply (Hof mann 1973) described in similar conditions by Îilinec (1995) , Homolka (1995) and others. Studies comparing the food quality of males and females demonstrated the differences in red deer (Clutton-Brock et al. 1982; Staines et al. 1982 and others) , fallow deer (Thirgood 1996) and many other species of free-living ruminants (Pérez-Barbería and Gordon 1998). Some studies have shown higher quality of food in females (Staines et al. 1982; Beier 1987) , others in males (Clutton-Brock et al. 1982; Miquelle et al. 1992) , sometimes no differences in food quality between sexes were found (W eckerly and Nelson 1990 and others).
In this study the differences in total stomach capacity between sexes were tested. In CC the difference between males and females was detected in vegetation period (p < 0.05). Higher values of stomach capacity found in females agreed with the hypothesis that they have higher requirement of nutriments during lactation, but in CE we found no differences between sexes (p > 0.05).
No differences between relative total stomach capacity of animals of different age categories were found. The intensive development of forestomach in ruminants begins with the consumption of roughage (Jelínek 1995) . In the material used in this study, differences between absolute sizes of forestomachs of adult animals of different ages existed, but the relative capacity of the stomachs remained the same.
No differences were found in total stomach capacity between animals living in different altitudes (p > 0.05). Differences in diet composition in similar environments, described for example by Homolka (1996) , had no influence on the total stomach size.
According to our presumption, no differences were found in stomach capacity between CE and DD (p > 0.05), both belonging to intermediate feeders (Hofmann 1989) . The smallest stomach of CC corresponds to its feeding type -browser. The biggest stomach, compared to other species, had OM, which corresponds to its classification as a grazer. The differences of total stomach and rumen capacity found in the studied species are in agreement with the knowledge about their diet composition. Roe deer is able to process only the best digestible compounds of food supply and therefore consumes woody species and dicotyledonous plants above all. Red and fallow deer who can utilise also the less easily decomposable food, consume all accessible forage compounds from woody species to grasses. Moufflon is capable of utilising forage with high fibre content and therefore consumes mostly grasses (Heroldová 1988; Homolka 1995 Homolka , 1996 Jong et al. 1995; Latham et al. 1999 and others) . These data support the hypothesis that the species with bigger forestomach capacity consume easily accessible food with lower nutritional value while the species with smaller forestomach capacity select nutritionally more valuable compounds of food supply (Henke et al. 1988) .
Comparison of the stomach capacity of selected species confirmed the presumption that the smallest differences in size of the forestomachs are between CE and DD. Also, these species have similar diet composition, which enables their mutual food competition. Due to their similar body size it is possible to presume that in areas with higher density of their populations the food competition between these species is very likely to develop. On the contrary, the competition relations are usually reduced between CC with significantly smaller forestomach capacity causing its inability to use less easily digestible food, and OM, which prefers grasses due to its stomach adapted to food rich in fibre.
In conclusion: The knowledge of feeding strategy of individual game species can be used to estimate the probability of development of food competition between them and to project a balanced species composition of herbivores in a specific area with regard to their impact on vegetation. Seasonal changes of the total stomach size are important part of strategy of wintering ruminants. At this time ruminants have lower food intake and lower activities and this fact must be respected by game managers. Introduction of fallow deer is risky especially when it is brought into environment with red deer due to their equal diet composition. However, fallow deer competes with other herbivores as well and may increase the lack of forage, especially during winter. Moufflon, as a grass and roughage eater, covers his food demands during vegetation period mostly with grasses without major impact on other species. During winter season, when the food supply is limited, and in certain types of environment even in vegetation period, its diet composition becomes similar to that of other ruminants. Moreover, the presence of moufflon increases the impact of herbivores on vegetation during winter.
Simultaneous keeping of red and fallow deer on one site is therefore not desirable and introduction of fallow deer can be recommended only into environments with sufficient food resources. Simultaneous presence of red deer, fallow deer and moufflon is possible purely in localities with abundant food supply.
Rozdíly velikosti pfiedÏaludku a slezu u ãtyfi druhÛ volnû Ïijících pfieÏv˘kavcÛ
Byl porovnáván relativní objem a hmotnost pfiedÏaludku a slezu volnû Ïijících jelenÛ, daÀkÛ, srncÛ a muflonÛ. Celkem bylo v letech 1995-1998 vy‰etfieno 176 uloven˘ch jedincÛ. Sledované parametry byly hodnoceny v závislosti na pohlaví, vûku, sezónû a lokalitû. Ve vegetaãním období byl u v‰ech ãtyfi sledovan˘ch druhÛ pfiedÏaludek vût‰í, neÏ v zimním období. U srnce se relativní velikost pfiedÏaludku li‰ila u jednotliv˘ch pohlaví a u jelena a srnce byly zji‰tûny rozdíly mezi vûkov˘mi kategoriemi. Velikost pfiedÏaludku a slezu se neli‰ila u zvûfie z horského prostfiedí a níÏe poloÏen˘ch lokalit. Relativní velikost celého Ïaludku byla nejvût‰í u muflona a nejmen‰í u srnce. Rozdíly mezi daÀkem a jelenem nebyly prÛkazné.
